We have recently characterized two members of a novel family of murine testis speci®c serine kinases, tssk-1 and tssk-2, expressed exclusively in spermatids undergoing spermiogenesis. Using a differential screening approach we have isolated a third family member, tssk-3. The open reading frame of tssk-3 encodes a protein of 275 amino acids, consisting essentially of a serine/threonine protein kinase domain only. In contrast, tssk-1 and -2 have distinct, approximately 100 amino acid domains located C-terminally to the kinase domain. Immunoprecipitation experiments revealed that while tssk-1 and tssk-2 form detergent resistant complexes, tssk-3 is not associated with either protein.
Results
Spermatogenesis is a complex process involving speci®c interactions between the developing germ cells and their support cells, the Sertoli cells, within the seminiferous tubules. This process is regulated by the androgen-producing Leydig cells which are found in the interstitial tissue surrounding the seminiferous tubules. The molecular mechanisms regulating spermatogenesis are to a large extent unknown, however, several kinases have been implicated in various stages of spermatogenesis, predominantly in the control of meiosis (Sassone-Corsi, 1997) . We have recently identi®ed two testis speci®c serine protein kinases, tssk-1 and -2, constituting the novel testis speci®c serine kinase (tssk) family. These two kinases are expressed exclusively during the cytodifferentiation of late spermatids to sperms (Kueng et al., 1997) . Using a differential cDNA cloning strategy we have identi®ed a further member of this family of kinases, tssk-3, sharing the highest homology (60%) with tssk-2 followed by tssk-1. The cDNA encodes a protein of 275 amino acids exhibiting all the conserved amino acid motifs characteristic for a serine/threonine kinase (Hanks and Quinn, 1991) . Interestingly, the encoded protein consists essentially of a kinase domain only and lacks the approximately 100 amino acid distinct C-terminals observed in tssk-1 and -2 (Fig. 1a) . Northern blot analyses revealed that tssk-3 is expressed as an approximately 1.0 kb mRNA exclusively in testes (Fig. 1b) .
In mice, the ®rst spermatogenic wave is initiated a few days after birth and spermatogonia differentiate to early spermatids. Further cytodifferentiation to mature sperms is testosterone dependent and thus induced during puberty (Willison and Ashworth, 1987) . We have taken advantage of this ®rst synchronized wave of spermatogenesis and have analyzed testes from 1 week old (spermacytogenesis), 2 week old (meiosis), 3.5 week old (spermatogenesis) and mature males. tssk-3 expression was induced at puberty and maintained throughout adult life (Fig. 1c) . Interestingly, no tssk-3 expression was found in the epididymis, demonstrating that tssk-3 is not expressed in released sperms. The identical pattern of expression was observed at the protein level in Western blots (Fig. 1c) .
We have generated rabbit polyclonal antibodies against a bacterially produced GST-tssk-3 fusion protein. These antisera recognized speci®cally a protein of approximately 29 kDa molecular weight both in immunoprecipitation and Western blot analyses of adult mouse testes (Fig. 1c,d) . We have previously shown that tssk-1 and tssk-2 are coexpressed in late spermatids and phosphorylate the same Northern blot analysis of tssk-3 expression in mouse organs. RNA preparation and Northern blot analysis were performed as described previously (Kueng et al., 1997) . Ten micrograms total RNA prepared from the organs indicated above each lane were probed under stringent conditions with the tssk-3 cDNA insert. (c) Expression of tssk-3 during testis development. Ten micrograms total RNA prepared from testes from males at the age indicated and from adult epididymis (epid.) were analyzed for tssk-3 expression by Northern blotting (Northern). Protein extracts prepared by boiling macerated frozen tissue in SDS-sample buffer were analyzed by Western blotting using tssk-3 speci®c antiserum (Western). For generation of a GST-tssk-3 fusion protein, a Pvu II/EcoR I fragment of the tssk-3 cDNA (nt 163±992) was cloned into the Sma I site of the pGEX-3 bacterial expression vector. Fusion protein isolation, antiserum production and af®nity puri®cation were done as described (Kueng et al., 1997) . (d) Characterization of detergent stable interactions between the tssk family members. Immunoprecipitation, in vitro kinase assays and immunohistochemistry were done as described previously (Kueng et al., 1997) using reagents from Sigma Chemie (Buchs, Switzerland). Protein extracts were prepared from mature testes and immunoprecipitated (IP) using tssk-1, tssk-2 or tssk-3 speci®c sera (I) and their corresponding preimmune sera (PI). Each immunoprecipitate was divided into three aliquots and analyzed by Western blotting (Western) for presence of the three tssk family members. (e) In vitro kinase activity of the three tssk family members. Protein extracts from mature testes were immunoprecipitated using tssk-1, tssk-2 or tssk-3 speci®c sera (I) and their corresponding preimmune sera (PI) and subjected to an in vitro kinase assay. reaction (Kueng et al., 1997) . Immunoprecipitation of detergent extracts of adult testes followed by Western blot analysis using tssk-1, -2 and -3 speci®c sera revealed that tssk-1 and tssk-2 form complexes with one another whereas tssk-3 does not interact with either protein (Fig. 1d) . In vitro kinase reactions carried out with immunoprecipitates containing either tssk-1, tssk-2 or tssk-3 con®rmed the phosphorylation of the 65 kDa substrate protein by tssk-1 and tssk-2, however, no phosphorylated product was detected in the tssk-3 immunoprecipitates (Fig. 1e) .
Immunohistochemical localization of tssk-3 revealed expression in the interstitial, granulated Leydig cells surrounding the seminiferous tubules, no staining being observed in the seminiferous tubules, endothelial cells and ®broblasts (Fig. 2a,c) . This is in contrast to tssk-1 and -2, both of which are expressed exclusively in the late spermatids ( Fig. 2d ; Kueng et al., 1997) . Taken together, tssk-3 represents a more distantly related tssk-family member having its major function in the differentiated Leydig cells.
Methods
tssk-3 was isolated by screening at low stringency a murine mature testes cDNA library with a PCR fragment corresponding to the sequences spanning the kinase domain motifs VI±IX (Bielke et al., 1994) . Filters were subsequently re-hybridized under stringent conditions with tssk-1 and -2 speci®c probes and colonies which did not react with these probes were chosen for further analysis.
